studies in the eucalypts. 8. A review of the Eudesmioid eucalypts, Eucalyptus subgenus Eudesmia (Myrtaceae). Telopea 7(4): 375-414. A revision of Eucalyptus subgenus Eudesmia is presented. A formal combination is made for subgenus Eudesmia. 22 species are included, three of them described as new (Eucalyptus pallida, E. selachiana, E. conveniens), with one new subspecies (E. ebbanoensis subsp. glauciramula). Long-standing misapplication of the name E. tetragona is corrected, the name E. pleurocarpa Schauer reinstated from synonymy, and a lectotype is designated for E. phoenicea. Relationships within the group are discussed, and an infrageneric classification is presented, with keys to subgroupings and species.
Introduction
The extracodical subgenus Eudesmia of Pryor & Johnson (1971) is a diverse and rather heterogeneous assemblage. Although the group has been suggested to be paraphyletic (Ladiges & Humphries 1983) , our studies in the eucalypt group generally (Hill & Johnson 1995) and later studies by others (Ladiges et al. 1995) indicate that the group is probably monophyletic. Analysis of character sets based on morphological data at this level show a high degree of homoplasy, and have proven to be inadequate in fully resolving relationships. While few of the defining characters are apomorphic and exclusive to the group in the context of the Eudesmia and Eucalyptus suballiances of Johnson & Briggs (1984) , several natural monophyletic units may be recognised within the group. It is here treated as a subgenus with the same circumscription as subgenus Eudesmia in the sense of Pryor and Johnson, partly as a convenience pending adequate resolution of relationships at this level. The various monophyletic units within the group are treated as sections.
Terminology
Terminology and nomenclature is as in previous papers in this series (see Hill & Johnson 1995) . The names applied to series and subseries by earlier authors are cited below merely to indicate the way in which those authors grouped the species concerned. Nothing is implied about their standing, since we are using only our extracodical system between genus and species. Names of sections, series and subseries (but not of subgenera or of species and subspecies) used by us are intentionally published in a system devised by Pryor & Johnson (1971) and external to the International Code of Botanical Nomenclature. This avoids the confusion created by formal recognition of 'series' and 'subseries' used by Maiden (1903 Maiden ( -1933 in a loose and informal sense, and classifying according to particular organ sets rather than as taxa. Moreover, as explained previously by Pryor & Johnson (1971) , it allows for clear et al. 1995) . The degree of morphological homoplasy at this level, however, renders morphology alone inadequate in resolving relationships, and very few characters are informative and unequivocal. A simple cladistic analysis of the characters useful in separating species and species groups at this level (listed in Table 1 ) clearly illustrates the inadequacy of these characters in resolving phylogenetic relationships (Fig. 1) . Similarly, molecular studies reported to date do not clearly resolve relationships within Eudesmia (Ladiges et al., op. cit.) .
The free or partially free calyx segments separate the eudesmioid group, together with E. microcorys, from the remainder of Eucalyptus sens. strict. Analyses (cited above) of the eucalypt groups indicate that the free persistent calyx is an ancestral condition, and thus that the free or partially free calyx condition is of no grouping value at this level (see Drinnan & Ladiges 1989a & b for discussion of the partial fusion of calyx and corolla). Floral development with fasciculate stamens is also indicated to be an ancestral condition and likewise a shared plesiomorphic state. The development of a stemonophore from the staminal buttress (Drinnan & Ladiges 1989a & b, 1991 is apomorphic for the entire Eucalyptus sens. strict. clade except E. curtisii, and does not help resolve relationships at the base of this clade.
Possession of eudesmioid hairs can be viewed as a strong and distinctive synapomorphic character uniting the three sections Quadraria, Xeraria and Apicaria. If this is so, inflorescence structure must be regarded as highly flexible within Eudesmia and of limited use in defining groups. The partial fusion of the calyx with the corolla evident in Apicaria, Xeraria and part of Quadraria is most parsimoniously viewed as an independent development to the calycine fusion seen in the remainder of Eucalyptus, possibly arising more than once within the eudesmioid group. The presence of oil glands in bark is also equivocal but in one possible interpretation this is a synapomorphy for Eudesmia and independently derived elsewhere in Eucalyptus. Another equivocal condition is the opposite adult leaves occurring in some groups. This may represent neotenous retention i.e. a secondary loss of the disjunct adult condition, or may genuinely represent a plesiomorphic state such as occurs in Allosyncarpia. Hill & Johnson (l.c.) as Odontocalyptus. However, no clear apomorphies unite this clade, and it is here treated as two separate sections, Xeraria and Odontaria. Xeraria shares eudesmioid hairs as a synapomorphy with section Quadraria as treated here, and Odontaria shares the mallee habit with section Quadraria.
Pryor & Johnson's section Apicaria, comprising two series, Miniatae and Baileyanae, is clearly monophyletic, defined as below, and shares eudesmioid hairs as a synapomorphy with sections Xeraria and Quadraria. Apicaria and the generally very different series Jucundae of Eudesmia sens. str. have somewhat similar bud morphology (Drinnan & Ladiges 1989a ), but we consider this a case of homoplasy. These two together are referred to as 'Eudesmia B' by Carr & Carr (1963 and Drinnan & Ladiges (1989a) . Bark characters (see below) can be regarded as synapomorphic for this section.
The remaining species in the subgenus, E. tetrodonta, is a taxonomically isolated entity here placed in a monospecific section (see Table 2 for a summary of the classification proposed herein). It does not possess eudesmioid hairs, and thus does not share any clear and unique synapomorphies with the above sections. Oil glands in the bark occur in all sections except Odontaria, and may be synapomorphic, although similar glands occur sporadically in other eucalypt groups.
Taxonomic treatment
Eucalyptus subgenus Eudesmia (R. Br.) L.A.S. Johnson & K.D. Hill, stat. nov.
≡ Eudesmia R. Br., Appendix Flinders Voyage 2: 599, t. 3 (1814).
Type species: E. tetragona R. Br., l.c.
Trees or mallees; bark smooth, sometimes with more or less persistent ribbons or ribbony flakes; or partly or wholly persistent and long-fibrous. Oil glands often present in bark. Radiating, unicellular, blunt-ended thin-walled trichomes arising from flat or slightly prominent glands present on juvenile leaves and shoots, except in sections Fibraria and Odontaria. Juvenile leaves opposite for few to many nodes. Adult leaves disjunct or sometimes opposite, glabrous; tertiary and higher-order venation of reticulum often much reduced. Conflorescences lateral, anthotelic or anauxotelic, panicles, thyrsoids or metabotryoids, or more often reduced to, or consisting of leafy shoots bearing, 3-or 7-flowered umbellasters, these rarely plurinodate or of condensed metabotryoid form, sometimes with accessory branching (superposed). Perianth 4-merous (fixed); carpels 3 (-4 
Section Xeraria
This and the following section were combined and treated as Series Odontocarpae Chippendale (1988 
Section Odontaria
This and the previous section were combined and treated as Series Odontocarpae Chippendale (1988 Intergrading populations with E. gittinsii are known.
Distribution: Murchison River south to near Mogumber, near-coastal in the north, but running inland south of the latitude of Three Springs (Fig. 4) .
Ecology: locally frequent on sandy soils on sandplain over laterite, or on shallow sandy residuals over laterite. Fig. 3 c, d ).
E. pallida differs from E. eudesmioides in the dense white waxy coating on the stems, the generally smaller fruits, and the narrower leaves with longer petioles. It is also frequently a larger plant, consistently with a short stocking of persistent bark on the lower trunks. This taxon is referred to as the 'northern pallid subspecies' of E. eudesmioides by Brooker & Kleinig (1990) . It does not intergrade with E. eudesmioides or E. selachiana (below).
Distribution: restricted to a small area north-east of Kalbarri and south-east of Hamelin Pool (Fig. 4) .
Ecology: locally frequent on red aeolian sandhill country, of less coastal facies than that carrying E. selachiana.
Conservation status: not considered to be at risk. Although restricted in distribution, this species is common in remote areas that are unlikely to be disturbed.
The specific epithet is from the Latin pallidus, pale, referring to the light colour of the wax-covered branchlets. versatile, dehiscing through parallel slits. Fruits 3-locular, truncate-pyriform to cylindrical, apically constricted, vaguely 4-sided, 11-14 mm long, 9-11 mm diam.; disc 1.5-2.5 mm wide, moderately depressed; valves enclosed. Seeds irregular, angular, dull, brownish black, with a ragged translucent wing around the edge; hilum ventral; chaff angular, dark brown ( Fig. 3 a,b ).
E. selachiana differs from E. eudesmioides in the broader, glossy green leaves and the larger fruits. This taxon is referred to as the 'northern glossy subspecies' of E. eudesmioides by Brooker & Kleinig (1990) .
Distribution: known only from a small area immediately to the south-east of Shark Bay (Fig. 4) . E. gittinsii is distinguished within the series by the often disjunct, green to yellowgreen, generally more or less glossy leaves, the lack of pruinosity, and the medium to large leaves, buds and fruits. E. selachiana has similar glossy, non-pruinose leaves, but these are opposite and smaller, and buds and fruits are smaller.
Distribution: apparently disjunct, with one area of occurrence around the Murchison River and north to the type locality, and the other from the Greenough River south to near Mogumber (Fig. 5) .
Ecology: locally frequent in tall mallee shrub-heath communities on deep red aeolian sand deposits in the north of the range, in lower shrub heath on shallow sandplains or skeletal sands over laterite in the south. 
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Distribution: restricted to the west coast of Western Australia, from around Mt Adams south to near Badgingarra (Fig. 5) .
Ecology: locally frequent in mallee heath communities on sand plains. (Fig. 7) .
E. tetragona is distinguished from E. pleurocarpa Schauer by the ovoid rather than globose fruits with generally longer pedicels and peduncles, the smaller and proportionally narrower leaves (leaves on mature plants of E. pleurocarpa are elliptical, to 13 cm long, 7 cm wide), and by the pruinosity being limited to very young growth. Mature adult leaves are consequently dull green rather than whitish-or bluish-grey.
Distribution: this species occurs on the south coast of Western Australia, from Lucky Bay to Israelite Bay, and possibly further east (Fig. 5) . Fig. 7. E. tetragona. a, adult leaves and buds. b, transverse section of bud. c, d (Fig. 8 ).
E. pleurocarpa is distinguished within the subseries by the globose fruits with short pedicels and peduncles, the ovate to elliptic adult leaves, and by the strong pruinosity on all parts.
Distribution: this species occurs in a zone from about Katanning south-east to Bremer Bay, and east to Lucky Bay, with an outlying northern population from about Eneabba to south of Badgingarra (Fig. 5 ). In the east, it runs somewhat inland around Fig. 8. E. pleurocarpa. a, adult leaves Distribution: Greenough River south to Hill River, in subcoastal areas (Fig. 9) .
Ecology: a small tree or tall, few-stemmed 'Bull Mallee', locally abundant in mallee woodland thickets on calcareous sand of old beach dune systems, often partly indurated to form 'sheet limestone' in the soil. Known as 'Illyarrie' and widely cultivated for its conspicuous flowers and pleasant general appearance. 
Series Jucundae
This series, although formerly misunderstood by us also, does not correspond with the group called series Jucundae by Chippendale (1988) , the latter not a part of our extracodical system -see 'Terminology' above. The single species appears to have most in common with the groups here retained in our section Eudesmia, which is not necessarily fully supported by synapomorphies. However, it differs from all other series in its perianth development and structure, showing what we interpret as a parallel evolutionary condition to that in the members of Leprolaena (the E. miniata-E. baileyana group) as indicated and discussed by Hill & Johnson (1995, esp. pp. 188-193 and 481) .
Bark smooth, with oil glands. Juvenile leaves petiolate, hispid with radiating hairs. Unit inflorescences axillary, often appearing compound, made up of three 3-flowered 'umbellasters', sometimes appearing simple and 9-flowered. Calyx fused to corolla, sometimes evident as 4 small teeth at apex of calyptra. Stamens continuous. Filaments white or cream.
In this and the following series, unit inflorescences often appear compound, but the limits of 'umbellasters' are not well-defined (as is true in a number of cases in section Eudesmia).
12. Eucalyptus jucunda C. Gardner, J. & Proc. Roy. Soc. Western Australia 47: 60 (1964) .
Type: Western Australia: near the Greenough River, C.A. Gardner 12066, 6 Jan 1959 (holo PERTH) .
Mallee or small tree to 7 m, usually less than 4 m. Bark smooth, grey, grey-brown or pinkish brown, occasionally persistent on lower trunk, grey, shortly fibrous-flaky. Twigs and stems not pruinose. Juvenile leaves to 9 cm long, to 4.5 cm wide, opposite, petiolate, elliptical, becoming ovate, apically rounded, with 'stellate hairs'. Adult leaves 7-11 cm long, 7-20 mm wide, disjunct, narrow-lanceolate to lanceolate, acuminate, glabrous, dull, mid-green to grey-green, not pruinose; petioles 9-20 mm long; lateral veins at c. 30°to midrib, moderately closely spaced; secondary reticulum incomplete; intramarginal vein irregular, 1-2 mm from leaf margin. Umbellasters compound (see above), axillary, 9-flowered; peduncles terete, 5-12 mm long; pedicels angular, 2-5 mm long. Mature buds ovoid to clavate, not quadrangular, not glaucous, 9-12 mm long, 6-8 mm diam.; calyx fused to corolla, persistent as 4 small teeth around top of calyptra on mature buds; calyptra hemispherical, c. 1 ⁄3 as long as than hypanthium. Stamens all fertile; filaments regularly inflexed, white or cream; anthers oblong, versatile, dehiscing through parallel slits. Fruits 3-locular, subglobose to ovoid, constricted apically, 10-15 mm long, 10-13 mm diam.; disc 2-4 mm wide, strongly depressed; valves deeply enclosed. Seeds irregularly pyramidal, angular, dull, brownish black, with a ragged translucent wing around the edge; hilum ventral; chaff angular, dark brown.
Distribution: between Wannoo and Enneabba (Fig. 10) .
Ecology: locally frequent on yellow sandplain in species-rich mixed shrublands. For apparent involvement in the ancestry of E. roycei, see under that species.
Conservation status: not considered to be at risk. The irregular degree of fusion between calyx and corolla points to an origin from hybridisation between E. gittinsii (subseries Tetragonosae) and E. jucunda (series Jucundae). These two species have not been observed growing in company at sites of E. roycei seen by us, but populations of E. roycei show a degree of instability in reproductive and vegetative characters that would indicate hybridisation not too far in the past, despite the fairly strong differences in appearance between the taxa.
Distribution: a restricted area south-east of Shark Bay and north-west of Wannoo (Fig. 10) .
Ecology: an uncommon species in species-rich mixed shrublands on somewhat calcareous orange or red aeolian sand deposits.
Conservation status: not considered to be at risk. 
Series Ebbanoenses
This has the same content as the series of the same name described by Chippendale (1988) , although no subspecies were recognised by him. We repeat that the series as recognised by Chippendale are not part of our extracodical series. A single species is included in this series. Maiden, Crit. Revis. Eucalyptus 5: 169, plate 189, Figs. 6, 7 (1921) .
Eucalyptus ebbanoensis
Type: Western Australia: Ebbano, east from Mingenew, A. Morrison s.n., 28 Sep 1904 (holo NSW 341209) .
Mallee to 6 m, usually less than 4 m. Bark smooth, grey, grey-brown or bronze, sometimes with a short persistent stocking on the lower trunk of larger individuals. Juvenile leaves to 10 cm long and 4 cm wide, disjunct, petiolate, narrowly elliptical, apically rounded, with 'stellate hairs'. Adult leaves 5-12 cm long, 0. Hill 2612 & L.A.S. Johnson, 25 Nov 1986 iso PERTH) .
Distinguished from the other subspecies of E. ebbanoensis by the glaucous branchlets, a character no less consistent or demarcated geographically or morphologically than the leaf glossiness of subsp. photina.
Distribution: from south of Diemals east to the western edges of the Great Victoria Desert, from Pinjin to Cardunia (Fig. 11) .
Ecology: widely scattered on red sand or loam, often lateritic, with Triodia.
Conservation status: not considered to be at risk.
The epithet is from the Latin glaucus, blue-green, and ramula, a branchlet, from the glaucous branchlets. Distribution: northern Australia, widespread and abundant in the wetter monsoon tropics of Western Australia, Northern Territory and Queensland (Fig. 12) .
Ecology: a locally abundant species dominating savanna forests on residual sand over laterite and generally sandy soils, frequently associated with E. miniata and an understorey often dominated by Sorghum or similar annual grasses.
Section Apicaria
Bark persistent, long-fibrous with distinctive included flakes, usually shedding on outer to larger branches, oil glands present in bark. Radiating hairs present on juvenile growth; juvenile leaves petiolate. Conflorescence simple, axillary, 3-7-11-manyflowered. Calyx reduced, persistent as teeth at top of hypanthium. Stamens in 4 bundles. Filaments white or cream or orange.
The fibrous bark with included mica-like flakes is similar to that occurring in Corymbia jacobsiana and Eucalyptus microcorys. This is clearly a parallel development in C. jacobsiana, but the situation is less clear in the case of E. microcorys. One possible explanation is that the latter also represents a parallel development. If so, the bark condition can be viewed as an apomorphy uniting this section.
The sectional name refers to the reduced calyx persisting as teeth at top of hypanthium.
Three series are distinguished. 
Series Similes
Included in Series Scutelliformes Maiden together with E. baileyana by Chippendale (1988) . This name is not part of our extracodical system. Distribution: Queensland and northern N.S.W., from the Blackdown Tableland to near Coffs Harbour, somewhat sporadic (Fig. 13) .
Ecology: an abundant but quite localised species, usually in tall mixed dry sclerophyll forests on infertile sandy soils over sandstone, with a rich mixed shrub understorey.
Series Miniatae
Treated as Series Miniatae Blakely by Chippendale (1988) . This name is not part of our extracodical system.
Small to tall trees. Bark shedding on branches. Umbellasters 7-or more-flowered. Flowers orange. Style long, bent.
Although this is a closely coherent series, two species groups can be recognised. These are treated below as subseries. The brightly orange-coloured flowers are synapomorphic.
Subseries Miniatosae
Umbellasters 7-flowered. Tree to 30 m. Bark persistent on trunk, fibrous with soft, flexible fibres and included mica-like flakes, orange-brown to red-brown, weathering dark brown to black; smooth above, white to pale grey. Juvenile leaves to 12 cm long and 5 cm wide, dull, green to bluish green, disjunct, petiolate, ovate to elliptical, with 'stellate hairs'. Adult leaves 8-16 cm long, 1-3.5 cm wide, dull, green to bluish green, disjunct, narrow-to broadlanceolate, acute, glabrous; petioles 12-20 mm long; lateral veins at c. 30°to midrib, moderately closely spaced; secondary reticulum incomplete; intramarginal vein irregular, c. 1 mm or less from leaf margin. Umbellasters simple, axillary, 7-flowered; peduncles terete or angular, 10-35 mm long; pedicels absent or terete, 0-5 mm long. Mature buds ovoid, ± strongly ribbed, 18-25 mm long, 10-12 mm diam.; calyx indistinct, ± fused to corolla, evident as 4 small teeth at apex of calyptra; calyptra hemispherical to conical, 1 ⁄2-2 ⁄3 as long as hypanthium. Stamens all fertile, in a continuous ring; filaments regularly inflexed; anthers oblong, versatile, dehiscing through parallel slits. Fruits 3-locular, ovoid to urceolate, strongly to weakly ribbed, 30-50 mm long, 18-40 mm diam.; calyptra scar distinct and raised, disc 2-3 mm wide, level to slightly raised; valves enclosed. Seeds elliptical, dull, greyish black, not winged; hilum ventral; chaff angular, dark brown.
Eucalyptus miniata
Distribution: northern Australia, widespread and abundant in wetter parts of the monsoon tropics of northern Western Australia, Northern Territory and Queensland (Fig. 14) .
Ecology: a locally abundant species dominating savanna forests on residual sand over laterite and generally sandy soils, with an understorey often dominated by Sorghum or similar annual grasses. E. miniata is a variable species occurring across a wide range, and close study of regional variation is likely to define additional taxa at specific or subspecific rank. For example, Queensland occurrences display a generally lighter bark, and occurrences on slopes of the Arnhem Land escarpment display more complex ornamentation on buds and fruits Although hybrids are uncommon in the subgenus, one specimen of a putative hybrid between E. miniata and E. phoenicea is known (cited below). 
